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This research report outlines progress made in the 
development of a conceptual framework (called "crystallization") 
which is intended to explain the conditions found to be critical to 
the child's potential for developmental change. The research 
completed and proposed on crystallization has centered around four 
main areas of activity: (1) a field experiment, (2) the development 
of a diagnostic map-drawing instrument, (3) the preparation of a 
series of theoretical and conceptual papers, and (4) a proposed study 
of "precociousness" in children. The overall research goal is an 
attempt to operationalize, or put into explicit language, the 
specific conditions under which developmental advances take place, 
especially advances which would probably not occur without 
educational assistance. Each activity undertaken in the project was 
selected for its probable contribution to this objective and is 
described separately in the report. (CS) 
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CrTtttaUltlng CondltlOM, tovelopMntal Advance, and Educatloci: 
A Report StdNiltced to the Spencer Foundation 

David Feldwm 
Tttfte Unlverelty 

The project began In January of 1974 with the Intention of carrying 
out reeearch and developMni hearing on a conceptual frer irnrlr which I 
have called cryetalliaatlon. Mjr purpoae in thla report le to bring the 
Spencer Foundation up to date on where we have com Ahue far, and to 
outline what we plan to do in the next year of the project *e funding. 

In the document eubnitted to the Spencer Foundation in the Fall of 
1973, I proponed to carry out reeearch on the ef fecta of the introduction 
of new information on the developnental level of the child* Although 
by no aeane unique in thia ais, our approach had certain dietinct f eaturee 
which eat it apart froa other e« Firet, while we recognised both the 
Ifliportance of aaturational forcee in the tialng of developMntal changee, 
and the iievitabillty of eoM of theee changaet we nonetheleee argued that 
eyeteoiatlc expoaure to bodiee of knowledge and ekill wae critical to 
the child *d potential for developnental advance. In thia connection 
our view explicitly Included the aaeuaptlon that eoM kind of expoeure 
in a eyateaetlc way to the toola, techniquee end waye of repreeentlng 
reality need by a culture la a pcerequieite for optimal development* 

Oure alao differa from other viewa in ita attempt to oparationaliaet 
or put into eiqilicit language, the apecific conditiona under which 
developmental advancee take place. In doing to, wa hope to be able to 
give apecific guidance to thoae who are reaponaible for the education 
of children. One of the drawbacka of tho Piagetlan approach, with all 
ita vixtuea acknowledged, la that it doea not addreaa the apecific iaauee 
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Feldman 2 
of what to teach and when to teach. We attenpt to deal with theae 
laauea by looking for and analysing domalna of knovledge and aklll that» 
on one hand, are broader than the specific facta that have traditionally 
be'm Included In currlculat and on the other hand are iwre specific than 
those broad developmental phenomena generally assumed to occur regardless 
of environmental conditions. 

As we said In our original proposal » we hope to achieve through ^||^g 
line of research and development a set of reasonably clear and explicit 
Implications for currlcular planning and Instruction^ gathering 
evidence bearing on the conditions under which developmental advance 
takes places It Is our belief that the study of transitions In develop* 
ment, transitions of all sorttf, offers a promising avenue toward the 
lllumlnatlm of the conditions under irfilch optimal development takes 
place. It was In this spirit that we began our worky and It Is against 
the very demanding criterion of Increased understanding of developmental 
process that we assieas our own developnental ptogrdss, \ 

Needless to say we have made only a very modest beginning toward 
the achievement of our goals during this first year of research. Stilly 
we feel that significant steps have been made in all the domains which 
we proposed to explore: ve have carried out a major empirical study 
dealing with the conditions under which developmental advance takes place; 
we have produced a practical instrument for the diagnosis of developmental 
level within a domain that is valuable in our culture; and we have completed 
two conceptual papers that further elaborate our thinking about the con- 
ditions under which advances in thought take place. We have, in addition t 
made some decisions about how to proceed from this point forward. 
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Bach of thaae aroM of activity will ba dlacussed aeparately, aftar 

which I will try to dlacuaa how thay relate to the ftaijework o€ cryatal- 
llzatlon. Ad appendix preaenta the budgetary and practical aapecta of 
our project (aee Appendix A). 
The Field Experiment. 

Aa Indicated In the Introductory paragrapha, we have coapleted a 
atudy of tranaltlona in apatlal reaaonlng developaent. Our rationale 
for doing reaearch on tranaltlona ualng a Plaget baaed developaental 
sequence, even though (as argued elaewhere) Plagetlan aequencea are not 
thoTK of priMty Intereat to ua, la that there Is ao little known about 
developaental aequencea that are not Plagetlan. Starting frca thla 
vantage point, we atteapted to aake nore explicit and detailed a aerlea 
of at^a In a Plagetlan sequence judged to be aa doae to our notion of 
a "culturally cryatalllsed akill" aa we could find. The teak we chose 
waa 9ap drawing, used by Plaget aa an indicator of apatlal reaaonlng 
developaent, but alao an achleveaent clearly dependent upon cultural 
Influence. Basically, our eaplrlcal work during the peat year atteapted 
to atuify tranaltlona In aap drawing levels. Our hope was that aa we 
learned mere about general devdopnenta? sequences such as those that are 
described within a Plagetlan fraaework, the aaae prlnclplea that pertain 
to Plagetlan developaental advance apply to leas spontaneoualy achieved 
developaental aequencea. 

Spatial reaaonlng In general, and aap drawing In particular, aay 
be aeen aa culturally Influenced In a number of waya, a fact which Plaget 
acknowledgea but doea not conalder loportant (Plaget and Inhelder, 1948; 
Plaget, 1971). For our purpoaea, the developmental aequenee that pertains to 
Dop drawing waa a reasonable coaproalae. In other worda, even though 
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Peldman 4 
the culturally evolved aspect of the discipline of nap construction is 
of little relevance to Piaget, it was of great interest to us* We hope 
to identify other developmental sequences in other donains which are 
valued within the culture and which also have broader developnental 
inplications, but none were available. Relatedly, our colleagues at 
Harvard Project Zero have begun to study developaental sequences in the 
expressive arts; these studies nay provide the kinds of sequences we 
seek to study in the future. 

The purpose of this field experlnent completed under the direction 
of SsBuel Snyder was to investigate the conditions under which develop- 
fliental advance takas place within the dooain of spatial reasoning develop- 
ment. In particular, the study focused on developaental shifts in children 
of the same age but who showed differdnt developmental profiles. We 
were able to diagnose and predict with reasonable precision the conditions 
under which developmental advance takes place in this domain. Among 
a group of students, all of whom were the same age and at the same general 
developmental level at the outset of the experiment, individuals were 
found to vary in their "readiness" for developmental advance. A full 
report of this study is appended to this report (see i^pendix B, Snyder & 
Peldman, in preparation). 

The basic idea of the study was to operationalize two concepts in 
the developmental literature that pertained to transitions and to examine 
their interaction. These concepts were "internal" and "external disequlli- 
brat ion" (Strauss, 1972). Internal disequilibration refers to the rm^e 
of developmental levels across which the child tends to respond to 
various problems in a map drawing task. External disequilibration 
refers to the extent to which information provided in an instructional 
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setting differs f ron the general developmental level at which the child 
attacks the map drawing task as a whole* It was the planned variation 
In these two sets of variables that made up the experimental design of 
this study. 

One prediction was that the greater the amount of Internal disequilibrium, 
the greater would be the amount of change or development to occur. In 
addition, we predicted that the optimal discrepancy between the child's 
developmental level and Information from the environment was one step or 
level In advance of where the child tended to respond. Thus, our most 
precise prediction was that children who exhibited high Internal disequi- 
librium (l#e., a great dispersion of responses across levels), and those 
who were put Into an Instructional situation lAere the environment was 
optimally discrepant (I.e., one level In advance of their present level), 
would be those most likely to shift ahead In developmental level. 

While the results contain a number of ambiguities. In general they 
supported our predictions rather well. Among a group of about seventy 
flfth«-grade students, all of whom were at the same general developmental 
level at the beginning of the experiment, those with high Internal 
dlsequlllbratlon and who received treatments one and two levels In advance 
of their Initial level achieved developmental advances substantially more 
often than other subjects. 

Although the results of the field experiment were encouraging, they 
leave us with a number of unanswered questions. One problen Is that 
our results were based on a sanple of children who were studied over a 
relatively short period of time. What we don't know from the study Is 
whether the developnental picture that we have constructed through the 
cross sectional analysis of data ^^^^ naturally over a longer 



ERLC 



0 Of) 7 



Feldnan ( 
period of' tlae In a single child. In other words, what we are hoping 
to establish Is what sight be best conveyed as a speeded up notion 
picture of a very slow process, sonewhat akin to flljiis of a flower 
blossoBlng. At this nonent, our results present us with a series of 
''still photographs'* which can be ordered Into a plausible developmental 
sequence, producing a suggestive but not well established sketch of the 
process of developnental change. 

Therefore, a longitudinal study of developmental changes In children 
somewhat younger, of the same age, and somewhat older than the children 
In the field experiment seems indicated. Samuel Snyder, now of Bryn 
Hawr College, Intends to carry out this longitudinal study over the next 
12 to 36 months. Oir projiect will provide start-up support for Dr. Snyder 
In this venture, with the aim and purpose that he will secure outside 
funding to cocplete the study. ^ 

It h appropriate to mention once again that our approach to the 
problem of developmental transitions has been to compromise on two fronts. 
By choosing to investigate a developmental sequence that is Piagetian in 
its origin, we have chosen a domain sonewhat more general and less 
influenced by environment than we eventually hope to investigate. And 
second, ve have chosen to look at micro-genetic changes over a short 
period of time in groups of children with different developmental 

^ We have also agreed to stq>port a study to be carried out in Israel 
by Leorah Wellner under the supervision of Dr. Gavriel Salomon of Hebrew 
University, This study was designed during a visit (supported by Foundation 
funds) by the Principal Investigator to Dr. Salomon's project. The study 
attempts to incorporate some of our ideas about crystallization into an 
existing, larger research program on the effects of media on thinking. The 
purpose of the study is to assess the effects of fragmentation of space in 
a film sequence on children's ability to organize and arrange space in a 
map drawing. The hypothesss of this study follow closely from those of 
Samuel Snyder's field experiment « 
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profiles rather than look at the aame children over a longer period of 
time* Our next step Is to do the longitudinal research that now seems 
Justified on the basis of our field experiment* 

The compromise with the Plage t Ian developciental sequence Is a more 
difficult one to overcome* Insofar as a Plagetlan developmental sequence 
can be seen to fulfill the requlzements of a culturally evolved body of 
knowledge and skill, map drawing and map understanding appear to be as 
good as any* Until more Is known about other Important developmental 
domains, we feel that we are limited to those domains which have been 
described by Plaget* 
The Diagnostic Map^Drawlng Instrument, 

Largely as a byproduct of our field experiment we have produced a 

* J 

diagnostic Instrument that provides a developmental level Index and a 
measure of developmental dispersion^ both based on a chlld*s map drawing 
protocol. The map drawing task Is a prototype for what we hope will be 
an array of Instruments based on our conceptual framework. During the 
funding year, the map drawing Instrument was refined by Samuel Snyder 
and his coworkers. A manual for the administration and scoring of this 
Instrument was produced during the summer and fall months by Cheryl 
LaRossa, Samuel Snyder and David Feldman. The manual Is appended to the 
present report (see Appendix Snyder, Feldman & LaRossa, 1974). 



As mentioned earlier, there are some encouraging signs that colleagues 
have begun to establish developmental sequences In culturally relevant domains 
other than map understanding* At Harvard Project Zero Howard Gardner, 
David Perkins and their associates have begun to Investigate the genesis 
and development In domains of artistic expression In various media such as 
metaphorlc use of language, the appreciations of art works, etc* We hope 
to collaborate with Harvard Project Zero In the following way: Their 
purpose Is to provide a description of the levels through which one 
achieves more and more sophisticated capabilities within a culturally evolved 
domain; our purpose will be to Illuminate the transitions from level to 
level within and across these domains. TWo members of our project have been 
attending the Harvard Project Zero seminars (Including the Principal Inves- 
tigator) and a staff member of our project has been working Informally with 
some of the staff of the project* 
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The Btanual Is Intended to make the map drawing inarrument available 

fellow researchers .and interested professionals. A test of the ability 
of the manual to communicate with fellow researchers was achieved as part 
of our cross-cultural collaborative study with Dr. Gavrlel Salomon and 
his associates at Hebrew University. During November of the funding yenr 
Ms. Leorah Wellner visited our project and was trained by our staff to 
administer and score the map drawing Instrument. At the same time, Ms. 
Wellner made conments and suggestions on the draft of the manual* Based 
on this experience, the manual was revised and enlarged, and the product 
Is one which we now believe may be distributed to colleagues. By the 
end of the next funding year, we will have received further advice from 
those who have used the Instrument.^ 

The Instrument Itself perhaps deserves further description. It 
provides an estimate of the general developmental level of a subject's 
map drawing performance in relation to a Plagetlan developmental sequence 
of six stages or steps. In addition, the Instrument provides a measure 
of "dispersion" In responses to the demands of the task of drawing a 
Aap. It Is this "structural mixture" feature of the Instrument that 
makes It particularly useful for studying developmental processes. The 
levels are presumed to be In an Invariant sequence and to be achieved 
during the years of approximately 7 through 15. Indeed, among adult 
subjects, nap drawings are generally not at the most sophisticated level 
In the sequence. In this respect, the developmental sequence Is somewhat 
3 

If reaction to the map drawing task Is favorable, we have made 
tentative plans to produce audlo--tape Instructions on how to use the 
Instrument. Presumably, this project would be carried out with 
funds from other sources. 
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similar to Professor Xohlberg*s moral Judgment stages. In that the 
final stages are generally not achieved even by Intelligent adults 
(Kohlberg & Turlel, 1971) « 

The major advantage of the map drawing Instrument over others 
available Is Its ease of administration and scoring. The Kohlberf! ttortl 
Judgment sequence Is the best known alternative, also based on a Plagetlan 
conceptualization, but the Kohlberg protocols are very tedious to score 
and require special training. Our hope is that many of the same develop- 
mental issues that interest those who study moral Judgment and reasoning 
can be more conveniently investigated through the use of the map drawing 
instrument. The domains of the two instruments are different, to be sure; 

but the processes governing movement from level to level are presumed 

4 

to be analogous. 

At least during the next fundirg year and very probably beyond, 
we intend to concentrate on domains of knowledge that have either been 
studied by Piaget (but that also are implicated in existing curricula), 
or to look to other investigators who have begun to study culturally 

significant domains ^ ^ t « ^ 

ma developmental manner (for exaorple, the people 

at Harvard Project Zero), 

Our objective for the coming funding year in the area of Instrianent 
production is to continue to refine the map drawing instrument, while at 
the same time exploring other possible areas of importance that could be 
rendered into a developmentally based sequence. In particular, we plan to 
produce at least one additional measure that can be used at least on a 
pilot basis by the end of the second funding year. 



4 

Dr. Mordecai Nisan of Hebrew University, a former student of Kohlberg' 
has expressed interest in using the map drawing instrument to study develop- 
mental change. Presumably, during the next funding year, we will have a 
better sense of how useful the instrument is found to be by colleagues such 
as Dr, Nisan, 
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Theor*»< rm^ /r«« ^.eptu«l Papers . 

During the funding year two theoretical/conceptual papars were 
coapleted. one of which Is In press (Peldaan. 1974). the other Is c«rr«itly 
under consideration hy an educational Journal. Copies of these papers 
are attached to this report and may be found m Appendix D. In addition 
to these papers, which related rather closely to the conceptual under- 
pinnings of the project, one other paper was written with support from 
the project's funds. This paper was written with Dr. Brenda Steinberg 
of the Department of Psychology at Tufts; a copy of the manuscript Is 
also Included In Appendix D. (Steinberg & Peldman. 1974). 

Since the concept of crystallization Is unfamiliar to other 
investigators, it has been of considerable Importance to the project that 
the Ideas Introduced m the proposal be given expression and explication. 
Thus, the writing and publishing of theoretical/conceptual papers Is 
seen as Integral to our efforts. A second reason for producing papers 
Is for our own purposes, for clarifying, refining, distilling and elaborating 
the Ideas that have guided and will guide our work. We find that working 
on the concepts we use through writing about them Is an effective method 
of sharpening our thoughts. We hope to produce two additional papers 
during the coming year, one which will present the notion of crystalll- 
Mtlon in an expository manner, the second dealing more narrowly with 
the nature of spatial reasoning as it is revealed in map drawing and 
map understanding (Feldnan; Snyder. Salomon 4 Peldman. in preparation). 

The two papers now available for distribution may seem to be only 
remotely related to the main thrust of the project; this is not the case, 
one of our concerns about a Plagetian model of development, for example. 
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Is that it presupposes that universal advances in intellectual structuring 
provide an appropriate model for nonuniversal processes of change as well. 
As ve see it, the "nonlinearity" these gives r^- t to our belief 

that models other than the "linear" view prom^.«» ^ed in developmental 
psychology may have to be constructed to describe achievements and advances 
that are of a less than universal character, despite the fact that many 
of the processes governing developmental change may be similar* 

The other paper, "Universal to unique: A developmental view of 
creativity and education," is actually two papers in one* The first 
part is a critique of existing approaches to creativity, with particular 
emphasis on the shortcomings of a trait view* A second part of the paper 
attempts to draw an analogy between Piagetian stage advances and creative 
Insights, a theme pursued by Duckworth (1972) and expressed in a recent 
book about Daxxd.nby Howard Gruber (Gruber & Barrett, 1974)* Finally, an 
abbreviated account of crystallisation is offered to provide a conceptual 
framework to encompass all significant developmental advances from universal 
to unique (i*e*, from Piagetian to creative)* One of my activities for 
the year will be to separate the first two parts of this paper from the 
third, with each section becoming a paper which will stand on its own. 

This last undertaking is actually part of a more ambitious ef rt 
which is now la the early preparation phase* Howard Gardner and Gavriel 
Salomon, among others, have suggested to me that I elaborate and extend 
some of ay essays into a small book appropriate for a general audience* 
I have begun preliminary negotiations with an editor and a publisher and 
should know jd.thin the next several months whether or not the prospects 
for such a book are promising* If so, I would plan to take part of the 
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V t term to work on the cBsayn^ assuming that this activity Is acceptable 
to the Foundation (It was not specifically proposed as part of the funded 
research; It does, however , maintain the spirit of the original proposal 
which alned to communicate through writing the ideas that underlie the 
project). It is too early to say for sure if the writing of a book is a 
viable undertaking, but I wanted to report to the Foundation that there 
is a fair possibility that I may request guidance as to how best to 
proceed. 

Whether or not I actually produce a small book on the subject of 
crystallization, I plan to continue writing theoretical papers that 
attempt to make the thinking process explicit as well as to communicate 
ideas to colleagues. I see this aspect of the project as essential to 
our empirical e '.orts, each enriching the other. An example of how this 
reciprocal enrichment takes place may be found in our main effort for 
the coming year, r conceptual/empirical study of precociousness in music^ 
art and chess. 
The rrecodousness Study. 

One of. the insights that came from our conceptual work on crystallisation 
is that precociousness does not seem to fit very well into the Piagetian 
account of general intellectual development. In precocious mastery of 
a complex domain of knowledge and skill, individuals seem to "run ahead" 
of their general physical and (perhaps) their general psychological 
development. Our aim during this funding year is to launch, and hopefully 
complete in at least preliminary form, a study of the generalizability 
of precocious mastery to other domains. Our hypothesis is that there is 
little generalizability across domains, which, if true, will be very 
hard for Piagetian theory to explain. It is, however, reasonable from 
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the pittnt of view of crystallization* Crystallization allows for the 
remarkable confluence of Individual capabilities and evolving bodies of 
knowledge* Since every field or domain has a history of Idiosyncratic 
contributions irtilch have accumulated over tlme^ It follows that all 
fields represent a selected accumulation of such achievements. And It 
also follows that some Individuals vUl be better tuned to various bodies 
of knowledge than others » Indeed » that some individuals are even occasionally 
**pretuned** to connect with and express themselves through an existing 
domain as if they were "made for it«" This is what occurs in precoclousness^ 
and it is perfectly plausible within crystallization theory. 

For the study^ our first task will be to review the literature on 
precociousnesSy to see what related work has been done. Then we plan 
to write a review of this literature from the point of view of crystalli- 
zation theory^ Illustrating with the example of precociousness the advantages 
of our point of view and the limitations of the Piagetian framework. 
Our ain would not be to in any way weaken or challenge the contribution 
of Piagetian work^ but rather to show that some liq>ortant intellectual 
phenomena do not fit very w*ll within it. Crystallization is therefore 
intended to be an adjunct^ a compliment^ to existing knowledge rather 
than an attempt to supplant it. It. ahculd be noted^ however^ that one 
basic assumption of Piagetian theory is that "structures as a whole" are 
the sources of change; thus» if a c|iild is capable of a task which requires » 
for example, formal operations, then the child should have available the 
formal operational structures for other tasks. Our hypothesis of little 
generalization, if supported, would call into question this one basic pre- 
mise Piagetian theory. What the Implications of our findings might be 
for the Piagetian view as a whole are not yet clear, but the possibility that 
the adequacy of at least this one aspect might be questioned must be considered. 

erJc ;) 0 i 5 
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Having completed our review and refined our hypotheses » we then plan 
to gather a sample of precocious children from the Boston metropolitan 
area. When I use the term "precocious" I mean a child vho has demonstrated 
truly remarkable achievements for his age^ e.g.^ master level chess by 
age six or seven^ complex compositions In music or sophisticated verse 
or prose by the same age. Our plan Is co test generallzablllty both within 
and across domains » as well as In more general Intellectual and emotional 
development areas (here we flud a further use for our map drawing task). 

Through this study, as well as through our other work, we^hope to 
gain Increased Information about the conditions under which remarkable 
Intellectual advances take place, advances that are remarkable both In 
the sense that they are Impressive to members of one's culture as well 
as remarkable In that they are the occasion for wonder and awe for the 
Individual. In this study as In others, none Is a direct test of 
"crystallisation" Itself; all are aimed to provide son^ of the Information 
requisite to such a test, and In that sense they contribute to the overall 
purpose of the project. 
Conclusion. 

The goal of our work on crystallization is to Illuminate the conditions 
under which Important developmental advances occury especially advances i^lch 
would probably not occur without educational assistance. Each activity 
undertaken by the project Is selected for Its likely contribution to this 
overall objective. While It Is much too early to say for sure, I am encouraged 
by our progress to date. We have begun to explore developmental change pro- 
cesses, to Identify culturally valued knowledge that may also be developmentally 
significant, to produce practical Instruments for diagnosing readiness for 
developmental advance, and to further our own thinking about crystallizing 
conditions and their possible educational relevance In short, we have made 
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